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(57) ABSTRACT

An image processing apparatus includes a quantization unit
configured to use a comparison threshold value; a generating
unit configured to include an error input section for inputting
error data between the quantized data generated and the
pre-quantization data and a memory storing a value corre-
sponding to a difference between the comparison threshold
value and an original threshold value allocated in a threshold
matrix and to generate the value corresponding to the
difference as an addition data that is added to a value of an
input image data of the processing object pixel, without
using the error data input to the error input section for
adjusting the input image data of the processing object pixel;
and a processing unit configured to add the value of the
addition data to the value of the input image data to output
input image data to which the value of the addition data is
added.

15 Claims, 11 Drawing Sheets
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1
IMAGE PROCESSING APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an image processing
apparatus, and specifically, relates to a technique of execut-
ing quantization processing by an error diffusion method and
a dither method using a common circuit.

2. Description of the Related Art

Image data having a large number of gradation levels
expressed by multiple values is converted into image data
having a smaller number of gradation levels by quantization
and thereby print data is generated in a printing apparatus
such as an inkjet printing apparatus. Conventionally, in this
quantization, processing by a dither method (hereinafter
called “dither processing”) and processing by an error
diffusion method (hereinafter called “error diffusion pro-
cessing”) are executed using a common circuit (Japanese
Patent Laid-Open No. HO06-233122 (1994)). Thereby, it
becomes possible to perform quantization effectively utiliz-
ing the respective advantages of the dither method and the
error diffusion method.

In Japanese Patent Laid-Open No. H06-233122 (1994),
however, the dither method and the error diffusion method
share only common functions; a comparator circuit compar-
ing a pixel value expressed by image data with a threshold
value and a circuit generating the threshold value. Specifi-
cally, except for the comparator circuit and the threshold
value generation circuit, the dither processing and the error
diffusion processing use respective individual circuits.
Therefore, there is a problem such as one that it is not
possible to effectively reduce a circuit scale by the configu-
ration for sharing described in Japanese Patent Laid-Open
No. H06-233122 (1994).

SUMMARY OF THE INVENTION

The present invention provides an image processing appa-
ratus capable of effectively reducing the circuit scale in a
configuration of executing the dither processing and the
error diffusion processing using a common circuit.

The present invention in its one aspect provides an image
processing apparatus comprising: a quantization unit con-
figured to generate quantized data having smaller gradation
levels than that of the pre-quantization data by using a
comparison threshold value with which pre-quantization
data of a processing object pixel is compared; a generating
unit configured to include an error input section for inputting
error data between the quantized data generated by the
quantization unit and the pre-quantization data and a
memory storing a value corresponding to a difference
between the comparison threshold value and an original
threshold value allocated in a threshold matrix that defines
threshold values according to an arrangement of pixels and
to generate the value corresponding to the difference as an
addition data that is added to a value of an input image data
of the processing object pixel, without using the error data
input to the error input section for adjusting the input image
data of the processing object pixel; and a processing unit
configured to add the value of the addition data generated by
the generating unit to the value of the input image data of the
processing object pixel to output input image data to which
the value of the addition data is added.

With the above configuration, it becomes possible to
effectively reduce the circuit scale in a configuration of
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2

executing the dither processing and the error diffusion
processing using a common circuit.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments (with reference to the attached drawings).

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing a configuration for
image processing in a printing apparatus according to an
embodiment of the present invention;

FIG. 2 is a block diagram showing a detailed configura-
tion of a quantization processing control section shown in
FIG. 1,

FIGS. 3A to 3C are diagrams explaining a processing
section of image data in a quantization processing control
section 908 shown in FIG. 2;

FIG. 4 is a block diagram showing a detailed circuit
configuration of an error calculation section shown in FIG.
2;

FIG. 5 is a diagram showing a pixel position to which
error is diffused in error diffusion processing;

FIG. 6 is a diagram showing divided areas of a high speed
memory within a data buffer unit shown in FIG. 2;

FIGS. 7A and 7B are block diagrams showing a detailed
circuit configuration of a data buffer unit 104;

FIG. 8 is a diagram explaining an input addition value
table according to a first embodiment of the present inven-
tion;

FIG. 9 is a diagram explaining inter-color correction
processing in quantization into binary data according to the
first embodiment;

FIG. 10 is a diagram explaining an input addition value
table according to a second embodiment of the present
invention; and; and

FIG. 11 is a diagram explaining inter-color correction
processing in quantization into ternary data according to the
second embodiment.

DESCRIPTION OF THE EMBODIMENTS

In the following, there will be explained embodiments of
the present invention in detail with reference to the attached
drawings.

First Embodiment

FIG. 1 is a block diagram mainly showing a configuration
for image processing in a printing apparatus according to an
embodiment of the present invention, and the image pro-
cessing configuration shown in the drawing is expressed as
a processing function executed by a computer in the printing
apparatus, except for circuits configuration to be explained
in the following.

The printing apparatus of the present embodiment, as
shown in FIG. 1, includes an image processing section 901,
a data reception section 902, a print data generation section
903, and a print head 904. The data reception section 902
receives image data from a host apparatus such as a com-
puter and a camera, and transmits the image data to the
image processing section 901 as image data of a pixel unit.

The image processing section 901 includes a precedent
processing section 905, a subsequent processing section 906,
an output y-correction section 907, and a quantization pro-
cessing control section 908. The precedent processing sec-
tion 905 performs conversion of a color indicated by the
image data for each pixel on the input image data of 8 bits
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and 256 gradation levels. More specifically, the precedent
processing section 905 performs gamut mapping of convert-
ing a color of a color gamut in the case that an image is
reproduced in a host apparatus into a color of a color gamut
in the case that the color is reproduced in the printing
apparatus of the present embodiment. The subsequent pro-
cessing section 906 converts the gamut-mapped input image
data of the same 8 bits and 256 gradation levels into a
combination of colors of inks ejected by the print head 904,
the combination of colors being able to express a color
indicated by the image data for each pixel. The output
y-correction section 907 performs y-correction for each ink
color according to a print head characteristic on the image
data subjected to the subsequent processing. Then, the
quantization processing control section 908, as will be
described in detail in FIG. 2 and the following drawings,
controls the quantization circuit of the present embodiment,
quantizes the image data of 8 bits and 256 gradation levels,
and outputs one bit binary data for each ink color. The
quantization processing control section 908 of the present
embodiment changes a quantization mode according to a
print mode. More specifically, the quantization processing
control section 908 executes quantization by the error dif-
fusion processing and quantization by the dither processing
using a common circuit, and executes the processing by
switching the quantization by the error diffusion processing
and the quantization by the dither processing depending on
the print mode. For example, the quantization by the dither
processing is performed in a mode in which print speed is
given priority to image quality, and the quantization by the
error diffusion processing is performed in a mode in which
the image quality is given priority.

The print data generation section 903 generates print data
(head drive data) for ejection in the print head 904 from the
quantized binary image data, and transfers the print data to
the print head 904.

Note that, while an inkjet printing apparatus has been
explained as an example of the printing apparatus in the
above explanation, the printing apparatus to which the
quantization processing explained in the present embodi-
ment can be applied is not limited to a printing apparatus of
this type. For example, it will become apparent also from the
following explanation that this quantization processing can
be applied to a printing apparatus of an electro-photographic
type, a heat transfer type, or the like.

FIG. 2 is a block diagram showing a detailed configura-
tion of the quantization processing control section 908
shown in FIG. 1. The quantization processing control sec-
tion of the present embodiment includes an input addition
processing section 101, a quantization processing section
102, an error calculation section 103, a data buffer unit 104,
and a memory 105, and realizes the functions of these
processing sections as circuit configurations. Then, the
quantization processing control section of the present
embodiment selects and executes the quantization by the
error diffusion processing or the quantization by the dither
processing.

FIGS. 3A to 3C are diagrams explaining a processing unit
of the image data in the quantization processing control
section 908 shown in FIG. 2. The quantization processing
control section 908 divides the input image data into input
blocks each including a predetermined number of pixels,
and performs the processing for each of the input blocks.
FIG. 3A shows an example of the input block in the input
image data, and shows that the input block is configured
with n+1 pixels (00 to On), (On+1 to 02(n+1)), . . . in a width
direction, in the case that the image data has an image width
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of 1+1 and an image height of m+1. In the image data, after
the processing is finished for all the pixels of an input block,
the processing is performed on the next input block neigh-
boring in the width direction. Then, after the processing is
finished for one pixel line in the width direction, the pro-
cessing is performed similarly for each of the input blocks
on one pixel line under the pixel line.

The processing for each of the pixels in the input block is
performed in a different order between the case of the error
diffusion processing and the case of the dither processing.

In the case of executing the error diffusion processing, as
shown in FIG. 3B, the processing is performed for each
color in the input block. Specifically, the processing order of
the pixels in the input block is that the error diffusion
processing is performed on a pixel 00 in the image data of
color A and then the processing is performed on the neigh-
boring pixel 01 of the same color A. Then, after the error
diffusion processing is finished for all pixels 00 to On in the
block for color A, the processing is performed in the same
manner on pixels 00 to On at the same pixel positions for
next color B, and the processing is performed in the same
manner also on next color C.

In the case of executing the dither processing, as shown
in FIG. 3C, the processing is performed for each of the
pixels in the input block. Specifically, after the dither pro-
cessing is performed on the pixel value of color A in pixel
00, the processing is performed sequentially on color B in
the same pixel 00 and on the color C in the same pixel 00.
Then, after the processing is finished for all colors A to C on
pixel 00, the dither processing is performed on next pixel O1.

With reference to FIG. 2 again, the pixel data of 8 bits and
256 gradation levels is input as the input image data into the
input addition processing section 101 in the quantization
processing control section 908, in a unit of one color for one
pixel. The input addition processing section 101 adds addi-
tion data stored in the data buffer unit 104 and error data 1
of error data calculated by the error calculation section 103,
to this input image data. The data after the addition of these
pieces of data is input into the quantization processing
section 102 as pre-quantization data. The input addition
processing section 101 of the present embodiment has a
maximum value and a minimum value of the pre-quantiza-
tion data, and clips the above data after the addition to the
maximum value in the case that the data after the addition
has a value not smaller than the maximum value of the
pre-quantization data, and to the minimum value in the case
that the data after the addition has a value not larger than the
minimum value of the pre-quantization value. The addition
data input from the data buffer unit 104, as will be described
later in detail, has a different content between the case of the
error diffusion processing and the case of the dither pro-
cessing.

The quantization processing section 102 quantizes the
pre-quantization data input from the input addition process-
ing section 101, and outputs the result as quantized data
which is the binary data in the present embodiment. The
quantization processing section 102 has one threshold value
data to obtain the binary data, uses this threshold value in
common between the case of performing the error diffusion
processing and the case of performing the dither processing.
That is, originally one threshold value is used in the quan-
tization by the error diffusion processing, and this threshold
value is used in common. On the other hand, in the case that
the quantization by the dither processing is performed, the
input addition value table to be described later is included in
the addition data from the data buffer unit 104. Thereby, a
value of the input addition value table is added to this
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common threshold value for each of the pixels, and a pattern
having a predetermined size and different threshold values,
that is, a dither pattern (matrix) is configured.

Note that, while the present embodiment is an example of
obtaining the binary quantized data, as will be described
later also in a second embodiment, it is possible to use a
mode of obtaining quantized data having three or more
levels and the quantization processing section 102 can have
threshold values in a number corresponding to the number of
these quantization levels. Then, it is possible to perform the
quantization processing by using the respective threshold
values in the error diffusion processing and the dither
processing as described above. Further, as another mode of
the quantization processing in the quantization processing
section 102, it is possible to perform the quantization
processing by multiplying the pre-quantization data by a
quantization coeflicient and carrying bit shift of the data
after the multiplication. In this case, the quantization pro-
cessing section 102 retains the quantization coefficients in a
number corresponding to the number of quantization levels
for the quantization, and the quantization coefficients are
selected in a number corresponding to the number of quan-
tization levels.

The error calculation section 103 generates error data 1
(also called “first error data”) and error data 2 (also called
“second error data”) by performing processing to be
described in detail in FIG. 4. In the case of the error diffusion
processing, the error calculation section 103 compares the
quantized data and the pre-quantization data to calculate an
error caused by the quantization. In detail, the error calcu-
lation section 103 has a quantized data representative value
according to the number of quantization levels (binary
values (two levels) in the present embodiment) and the
quantized data, and calculates the error by subtracting the
quantized data representative value from the pre-quantiza-
tion data. Further, the error calculation section 103 retains
the error of a processing object pixel and the error of a pixel
processed in the past for the errors obtained by the subtrac-
tion as above, and coefficients to generate the error data 1
and the error data 2 based on these errors. Then, in the case
of the error diffusion processing, as shown in FIG. 5, the
error calculation section 103 outputs an error to be diffused
to pixels in the same line as the line of the processing object
pixel in the image data according to the above coefficient as
the error data 1, and outputs an error to be diffused to pixels
in the line next to the line of the processing object pixel
according to the above coeflicient as the error data 2. The
error data 1 and error data 2 thus output are input into the
input addition processing section 101 and the data buffer unit
104, respectively, and retained until the next line processing.

On the other hand, in the case of the dither processing,
only coefficient B in FIG. 4 is set to have a value except zero,
and, as will be described later, the error data 1 is output
including the error of the previous pixel multiplied by
coefficient B and the error data in this case is used for
inter-color correction.

FIG. 4 is a block diagram showing a detailed circuit
configuration of the error calculation section 103. In FIG. 4,
coeflicients A to F are set in a register 1102 depending on the
error diffusion processing or the dither processing which is
set corresponding to the print mode as described above in
FIG. 1. A subtractor 1101 subtracts the pre-quantization data
from the quantized data representative value corresponding
to the input quantized data, and calculates the error of the
processing object pixel. Specifically, in the case of the
quantization into binary data as in the present embodiment,
the quantized data representative value is “0” in the case that
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the quantized data is “0”, and the quantized data represen-
tative value is “255” in the case that the quantized data is
“1”. The error value calculated in the subtractor 1101 is
provided for calculation using coefficients A to F in a
multiplier 1103, and error data 1 and error data 2 are output
finally. Further, each of buffers 1104, 1106, 1108, and 1110
provides output with a delay corresponding to a processing
time of one pixel.

In the case of executing the error diffusion processing,
each of coeflicients A to F is a ratio of diffusing (scattering)
the error caused in the processing object pixel to another
pixel. FIG. 5 is a diagram showing a pixel position to which
the error is diffused and the coefficient of the diffusion. As
shown in FIG. 5, in the same pixel line, the error is diffused
to a pixel neighboring the processing object pixel on the
right side at a ratio indicated by coeflicient B, and the error
is further diffused to a pixel neighboring the pixel to which
the error is diffused, at a ratio indicated by coefficient A.
Further, in the line which is one line lower than the line
including the processing object pixel, the error is diffused to
pixels at the lower right side, the directly lower side, and the
lower left side of the processing object pixel at ratios
indicated by coefficients C, D, and E, respectively, and the
error is further diffused to a pixel neighboring the lower left
side pixel on the left side at a ratio indicated by coefficient
F.

The multiplier 1103 generates values A' and B' by mul-
tiplying the error values obtained in the subtractor 1101 by
coeflicients A and B, respectively. The multiplication value
A' gone through the buffer 1104 is added to the multiplica-
tion value B' by an adder 1105. As a result, a value obtained
by adding the multiplication value by multiplying the error
value of the processing object pixel by coefficient B and the
multiplication value by multiplying the error value of the
previously processed pixel by coeflicient A is output as error
data 1. This error data 1 is added to the input image data in
the input addition processing section 101 as described
above, and thereby the error is diffused to the next process-
ing object pixel in the same pixel line as the line of the
processing object pixel. Similarly, the multiplier 1103 gen-
erates values C', D', E' and F' by multiplying the error values
obtained in the subtractor 1101 by coefficients C, D, E, and
F, respectively. The multiplication value C' is gone through
the buffer 1106 which stores the data of one pixel sequen-
tially in the same manner and is added to the multiplication
value D' in an adder 1107. Then, this addition result via the
buffer 1108 is added to the multiplication value E' by an
adder 1109. Moreover, this addition result via the buffer
1110 is added to the multiplication value F' by an adder 1111.
As a result, a value obtained by adding the multiplication
value by coefficient D for the error value of the processing
object pixel, the multiplication value by coefficient C for the
error value of the previously processed pixel, the multipli-
cation value by coefficient E for the error value of the pixel
processed two times before, and the multiplication value by
coeflicient F for the error value of the pixel processed three
times before is output as error data 2. This error data 2
becomes the error data diffused to a one line lower pixel via
the data buffer unit 104 as will be described below.

On the other hand, in the case of executing the dither
processing, a coeflicient to calculate a correction amount for
the inter-color correction to be described later is set as
coeflicient B corresponding to the error of the processing
object pixel. Thereby, error data 1 can be output to be added
to the value of a neighboring processing object pixel (an-
other color pixel in the case of dither processing as shown
in FIG. 3C) for the inter-color correction. Note that, in the
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present embodiment, “1” is set as coefficient B to calculate
the inter-color correction amount (inter-color correction
data). Further, while coefficient A is set to zero, it is also
possible to perform the inter-color correction on the color
data of two pixels ahead by setting a coeflicient to calculate
the inter-color correction amount to coefficient A. Further, in
the dither processing of the case without performing the
inter-color correction processing, both of coefficient A and
coeflicient B are set to be zero. Moreover, in the dither
processing, as will be described later, while coefficients C to
F are set to be zero since error data 2 is not used, instead of
this embodiment, the values of coefficients C to F can be set
to any values.

With reference to FIG. 2 again, the data buffer unit 104
switches between error data 2 and the input addition value
table for use in the error diffusion processing and the dither
processing. More specifically, the data buffer unit 104 out-
puts the addition data using error data 2 input from the error
calculation section 103 in the case of executing the error
diffusion processing, and outputs the addition data using the
input addition value table in the case of executing the dither
processing. The data buffer unit 104 monitors the pixel
position of the input image data in this output of the addition
data, and inputs data corresponding to the pixel position of
the input image data among the data retained in the memory
to the input addition processing section 101 as the addition
data. The data buffer unit 104 of the present embodiment
retains the data using a temporary memory included therein
and the memory 105 outside the data buffer unit 104. The
memory within the data buffer unit 104 is a high speed
memory having a small capacity but having a comparatively
high access speed and will be described later in FIGS. 7A
and 7B, while the memory 105 is a memory having a large
capacity but having a comparatively low access speed.
Retaining information which is necessary for the processing
object pixel in the high speed memory makes it possible to
realize high speed processing. The high speed memory
within the data buffer unit 104 is used by division into a
plurality of areas according to the processing. FIG. 6 is a
diagram showing divided areas of the high speed memory
within the data buffer unit 104. As shown in FIG. 6, the high
speed memory is used by division into three areas in the case
of the error diffusion processing and used by division into
two areas in the case of the dither processing.

FIGS. 7A and 7B are block diagrams showing a detailed
circuit configuration of the data buffer unit 104, and show a
data flow in the case of executing the error diffusion pro-
cessing and a data flow in the case of executing the dither
processing, respectively. In FIGS. 7A and 7B, the memory
1001 is the above high speed memory within the data buffer
unit. Further, a selector 1002 selects whether the data stored
in the memory 1001 is output or value O is output as the
addition data output from the data buffer unit 104.

In the case of executing the error diffusion processing, as
shown in FIG. 7A, error data 2 is stored in the memory 1001
for each of the processing object pixels. Specifically, error
data 2 is stored in an area (e.g., area 1) used as the input
block being processed which includes the processing object
pixel, among three areas shown in FIG. 6. The storing of
error data 2 of this input block being processed is performed
on an area after data output (output completed area) among
the areas to be used. At the same time as this storing, error
data 2 stored in an area (e.g., area 3) in the memory 1001
used for an input block before the input block including the
processing object pixel, that is, error data 2 generated in the
previous input block is transferred to the memory 105, and
also error data 2 to be used for the next input block is
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transferred from the memory 105 to an area (e.g., area 2) in
the memory 1001 to be used for the input block next to the
input block including the processing object pixel. Specifi-
cally, the memory 105 stores error data 2 generated on the
previous input block during the processing of some input
block and thereby sequentially accumulates error data 2 for
each of the pixels of one line. Then, for each of the input
blocks, in processing of the input block before the process-
ing timing for some input block, the memory 105 outputs
error data 2 related to the processing one line before,
corresponding to each of the pixels, and stores error data 2
into an area to be used for the input block.

The transfer between the memory 105 and the memory
1001 is performed in a unit of the input block. The data
stored in an area to be used for the input block being
processed is output for each of the pixels from the memory
1001 to the selector 1002. Then, in the processing of the next
block, an area to be used for the next input block (e.g., area
2) is converted to an area used for the input block being
processed, an area used for the previous input block (e.g.,
area 3) is converted to an area to be used for the next input
block, and an area (e.g., area 1) used for the input block
being processed is converted to an area used for the previous
input block, respectively. Note that, while the data trans-
ferred from the memory 1001 to the selector is output as the
addition data, in the case that the input image data is the first
line of a page, the error data from the previous line does not
exist and therefore value 0 is selected to be output by the
selector 1002.

With the above explained configuration of the quantiza-
tion processing control section 908, error data 1 is input into
the input addition processing section 101 in the processing
of'the next pixel and added to the input pixel data. Error data
2 is stored in the data buffer unit 104 and input into the input
addition processing section 101 in the processing of the next
line to be added to the input image data. Thereby, for
example, the error to be added to pixel 12 shown in FIG. 3A
by the diffusion has a value obtained by the addition of [error
of pixel 10]xcoeflicient A and [error of pixel 11]xcoeflicient
B as error data 1, and [error of pixel O1]xcoefficient C, [error
of pixel 02]xcoeflicient D+[error of pixel 03 |xcoeflicient E,
and [error of pixel 04]xcoefficient F as error data 2. Note
that, for a pixel on which the error diffusion is not desired
to be performed, setting zero to the coefficient of the
corresponding pixel makes it possible not to perform the
error diffusion. Further, the error retained within the error
calculation section 103 in the processing of the last pixel in
the processing for each of the colors in the input block is
retained for use in the processing of the first pixel in the next
input block. Note that, in the case of processing the first
pixel of a line, the error retained in the error calculation
section 103 is reset.

With reference to FIG. 7B, in the case of executing the
dither processing, before the processing of the input image
data of one page, the input addition value table is written into
the memory 105. Then, in the case of executing the dither
processing for the input image data, an input addition value
of the pixel corresponding to the input block in the input
addition value table is transferred from the memory 105 to
the memory 1001 for each of the input blocks. Then, the
input addition value corresponding to the processing object
pixel of the input block related to the processing is output to
the selector 1002 as the addition data. By adding this
addition data to the input image data in the input addition
processing section 101 (FIG. 2), a comparison result for
each of the pixels between the addition result and one
threshold value (“128” in the present embodiment) in the
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quantization processing section 102 becomes equivalent to
that obtained by the dither processing using a predetermined
dither pattern.

FIG. 8 is a diagram explaining the input addition value
table according to an embodiment of the present invention.
As shown in FIG. 8, the input addition value table defines an
input addition value for each of the pixels for an image
pattern with a predetermined size (in an example shown in
the drawing, 4 pixels by 4 pixels, for simple illustration and
explanation), and is applied to an input image of a size
corresponding this pattern (4 pixelsx4 pixels). The value
(input addition value) for each of the pixels in the input
addition value table is a difference value obtained by the
subtraction of a threshold value of a predetermined dither
table (dither pattern) assumed in the dither processing of the
present embodiment from one threshold value (128) set for
the quantization processing section 102. By adding this
input addition value corresponding to each of the pixels to
the input pixel data for each of the pixels, it is possible to
obtain the same effect as that of a method in which the
threshold value is varied according to the above predeter-
mined dither pattern while keeping constant a threshold
value in quantization in the quantization processing section
102. FIG. 8 shows an example of the case of quantizing the
input image data of 256 gradation levels into binary data.
The threshold value set in the quantization processing sec-
tion 102 is 128, and the value of the input addition value
table is generated by the subtraction of the threshold value
of the above predetermined dither pattern from 128.

In the present embodiment, in the case of executing the
dither processing, as described above, an error calculation
section 103 generates a correction amount for the inter-color
correction from the pre-quantization data and the error
thereof from the quantized data obtained by the quantization
processing section 102 and outputs the correction amount as
error data 1. Then, error data 1 is added to the pixel value of
the next color in the input image data by the input addition
processing section 101. Note that, in the case that all the
colors subjected to the inter-color correction have been
processed for the pixel being processed, or in an inter-color
case in which the inter-color correction is not performed, the
error data retained in the error calculation section 103 is
reset.

FIG. 9 is a diagram explaining the inter-color correction
processing in the case of the quantization into the binary data
according to the present embodiment, and shows an example
of performing the inter-color correction processing on the
input image data of 256 gradation levels having three colors
of A, B, and C. As explained above, the inter-color correc-
tion amount is calculated by multiplying the inter-color
correction coefficient B by the error calculated in the error
calculation section 103. As shown in FIG. 9, the quantization
processing section 102 compares an addition result which is
obtained in the input addition processing section 101 for
color A by the addition of the pixel value of the input image
data, error data 1 related to the processing of the previous
color, and the input addition value, with the threshold value
(128). Then, the error thereof (255—addition result) is
added similarly as error data (inter-color correction amount)
in the input addition processing section 101 to provide the
addition result of color B. Then, this addition result is
compared with the threshold value (128), and the error
thereof becomes error data 1 (inter-color correction amount)
for color C. The example shown in FIG. 9 is an example of
assuming the inter-color correction coefficient B to be 1, and
the errors in the quantization of color A and color B directly
become the inter-color correction amounts for color B and
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color C. Note that, in this inter-color processing, the value of
the input addition value table is added included in error data
1. Therefore, the data buffer unit 104 selects value 0 as the
addition data in the selector 1002 in the second or subse-
quent color processing.

The inter-color correction processing makes it difficult to
print a different color in a pixel where some color is already
printed, and thereby it is possible to reduce the overlapping
of inks as print color materials. Thereby, it is possible to
reduce granular feeling of a print image. In the example
shown in FIG. 9, while color A is printed in some pixel
because exceeding the threshold value, color B becomes
difficult to be printed because color A is already printed.
Then, color C becomes easy to be printed because color B
is not printed. In the case of the dither processing, the high
speed memory 1001 within the data buffer unit 104 is
divided into two areas as described above to be used as a
double buffer (FIG. 6). For example, area 1 is assumed to be
an area used for the input block being processed and area 2
is assumed to be an area used for the next input block.
Thereby, the data buffer unit 104 can select and output the
data corresponding to a processing position in the input
addition value table from area 1. Further, the data buffer unit
104 can write the data to be used for the next input block in
the input addition vale table into area 2 of the high speed
memory within the data buffer unit 104 from the large
capacity memory in the memory 105 during the processing
of the input block. Then, in the processing of the next input
block, the area 2 is used as an area used for the input block
being processed, and area 1 is used as an area to be used for
the next input block, and thereby it is possible to use the
memory efficiently.

Second Embodiment

A second embodiment of the present invention relates to
a mode of quantizing multi-value image data into multi-
values of three or more values in the quantization by the
dither processing. FIG. 10 is a diagram explaining an input
addition value table according to the second embodiment of
the present invention, and FIG. 11 is a diagram explaining
inter-color correction processing in the case of quantization
into three-value data according to the second embodiment.

As shown in FIG. 10, the threshold values set in the
quantization processing section 102 are two values of 64 and
192 corresponding to the quantization into three-value data.
Then, two tables of dither threshold value table 1 and dither
threshold value table 2 are prepared as assumed dither
patterns. Here, the threshold value for each of the pixels in
the dither threshold value table 2 is a value obtained by the
addition of 128 corresponding to a difference between the
above two threshold values 64 and 192 and the threshold
value of dither table 1. Thereby, it is possible to make the
input addition value table common between the above two
threshold values. The value (input addition value) for each
of the pixels in the input addition value table set in this
manner becomes a value obtained by the subtraction of the
threshold values (64 and 192) set in the quantization pro-
cessing section 102 from above threshold value of dither
tables 1 and 2 assumed in the dither processing of the present
embodiment, respectively.

As shown in FIG. 11, also in the inter-color correction
processing according to the present embodiment, the quan-
tization processing section 102 compares an addition result
for color A obtained by the addition of the pixel value of the
input image data, error data 1 related to the previous color
processing, and the input addition value in the input addition
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processing section 101, with each of the two threshold
values (64 and 192). Then, the error thereof is calculated as
a difference between 128 of a difference between the two
threshold values (64 and 192) and the addition result. This
error is similarly added as error data 1 (inter-color correction
amount) in the input addition processing section 101 to
provide the addition result of color B. Then, this addition
result is compared similarly with the two threshold values
(64 and 192), and the error thereof becomes error data 1
(inter-color correction amount) of color C.

Other Embodiments

While the above described embodiment switches between
the error diffusion processing and the dither processing
depending on the print mode, the present invention is not
limited to this mode. For example, the circuit configuring the
quantization processing control section explained in the
above described embodiment may be used in common for
various printing apparatuses such as a printer, and the
quantization by the error diffusion processing or the dither
processing may be executed depending on a printing appa-
ratus for use.

Further, the processing of the above explained quantiza-
tion processing control section is assumed to be executed in
the printing apparatus. However, the present invention is not
limited to this mode, and the above described quantization
processing may be executed by a host apparatus using the
circuit configuration of the quantization processing control
section, for example. Then, it is also possible to execute the
processing by preparing a nonvolatile storage medium stor-
ing programs causing a computer to execute the processing
and installing the programs. In this manner, the present
specification specifies an apparatus executing the above
described quantization processing using the circuit configu-
ration of the quantization processing control section to be an
image processing apparatus including a printing apparatus
such as a printer.

As explained above, according to the embodiments of the
present invention, it is possible to perform the quantization
by the error diffusion processing and the quantization by the
dither processing using a common circuit including the
processing except the common functions between these
processing modes, and thereby it becomes possible to reduce
the circuit scale of the quantization processing section by the
common circuit.

While the present invention has been described with
reference to exemplary embodiments, it is to be understood
that the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2014-254032, filed Dec. 16, 2014, which is
hereby incorporated by reference wherein in its entirety.

What is claimed is:

1. An image processing apparatus comprising:

a quantization unit configured to generate quantized data
having smaller gradation levels than that of the pre-
quantization data by using a comparison threshold
value with which pre-quantization data of a processing
object pixel is compared;

a generating unit configured to include an error input
section for inputting error data between the quantized
data generated by the quantization unit and the pre-
quantization data and a memory storing a value corre-
sponding to a difference between the comparison
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threshold value and an original threshold value allo-
cated in a threshold matrix that defines threshold values
according to an arrangement of pixels and to generate
the value corresponding to the difference as an addition
data that is added to a value of an input image data of
the processing object pixel, without using the error data
input to the error input section for adjusting the input
image data of the processing object pixel; and

a processing unit configured to add the value of the

addition data generated by the generating unit to the
value of the input image data of the processing object
pixel to output input image data to which the value of
the addition data is added.

2. The image processing apparatus according to claim 1,
wherein the memory which the generating unit includes
stores a matrix that allocates the value corresponding to the
difference for each of pixels in an image.

3. The image processing apparatus according to claim 1,
further comprising an error calculation unit configured to
calculate the error between the quantized data and the
pre-quantization data based on the quantized data generated
by the quantization unit and the pre-quantization data,

wherein the error calculation unit outputs the error data

for the generating unit in which a calculated error is
cancelled and the error data is input to the error input
section of the generating unit.

4. The image processing apparatus according to claim 1,
wherein the image data of the processing object pixel is
reproduced with a plurality of color material of different
colors on a print medium, the processing unit includes an
error input section for inputting an error between the quan-
tized data generated by the quantization unit and the pre-
quantization data, performs processing for a first color of the
color material for reproducing the image data of the pro-
cessing object pixel and then performs processing for a
second color of the color material for reproducing the image
data of the processing object pixel, and adds an error
generated by the processing unit performing the processing
for the first color of the image data of the processing object
pixel, the error being input to the error input section, to the
second color of the image data of the processing object
pixel.

5. The image processing apparatus according to claim 4,
further comprising an error calculation unit configured to
calculate the error between the quantized data and the
pre-quantization data based on the quantized data generated
by the quantization unit and the pre-quantization data,

wherein the error calculation unit outputs the calculated

error data as a first error data for the processing unit and
the processing unit uses the first error data input to the
error input section of the processing unit to perform
processing for the input image data.

6. The image processing apparatus according to claim 5,
wherein the error calculation unit

outputs the first error data for the processing unit in which

the error calculated for the first color is not cancelled in
the case that the error for the first color generated in the
processing for the first color performed by the quanti-
zation unit is used for the processing for the second
color performed by the quantization unit, and

outputs the second error data for the processing unit in

which the error calculated for the first color is cancelled
in the case that the error for the first color generated in
the processing for the first color performed by the
quantization unit is not used for the processing for the
second color performed by the quantization unit.
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7. The image processing apparatus according to claim 5,
wherein the error calculation unit outputs second error data
in which error calculated by the error calculation unit is
cancelled and the second error data is input to the error input
section of the processing unit.

8. The image processing apparatus according to claim 3,
wherein the image processing apparatus is capable of per-
forming a first image processing mode in which error
diffusion processing is performed and a second image pro-
cessing mode in which dither processing is performed,

in the first image processing mode, the error calculation

unit outputs error data for the generating unit in which
a calculated error is not cancelled, the error data is input
to the error input section of the generating unit, the
generating unit uses an error for a first color of a
precedently processed first pixel, which is input to the
error input section of the generating unit, in adjusting
the value of data of the first color of a subsequently
processed second pixel to the first pixel, and

in the second image processing, the error calculation unit

outputs error data for the generating unit in which a
calculated error is cancelled.

9. The image processing apparatus according to claim 8,
wherein the first image processing mode is a print image
quality priority mode and the second processing mode is a
print speed priority mode.

10. The image processing apparatus according to claim 8,
wherein the generating unit uses a high-speed memory
having a first access speed and a first capacity and a large
capacity memory having a second access speed slower than
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the first speed and a second capacity greater than the first
capacity, the high-speed memory being divided into three
areas in a case of the first image processing mode and being
divided into two areas in a case of the second image
processing mode, and the generating unit gains an access
between each of the areas of the and the high-speed memory
and the large capacity memory.

11. The image processing apparatus according to claim 1,
wherein the input image data is processed in a processing
unit of an input block consisting of a predetermined number
of pixels, and the quantization unit performs the processing
for each color in the input block in a case of the first image
processing mode and performs the processing for each pixel
in the input block in a case of the second image processing
mode.

12. The image processing apparatus according to claim 1,
wherein the quantization unit generates the quantized data
having three of more gradation levels smaller than that of the
pre-quantization data, based on the pre-quantization data.

13. The image processing apparatus according to claim 1,
further comprising a printing unit configured to perform
printing by applying color materials to a print medium based
on a quantized result by the quantization unit.

14. The image processing apparatus according to claim
13, wherein the printing unit includes an ink jet print head
for ejecting ink.

15. The image processing apparatus according to claim
13, wherein the printing unit performs printing in an electro-
photographic method.
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